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Figure 1.1, J.M. Butler (2005) Forensic DNA Typing, 21 Edition © 2005 Elsevier Academic Press
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Outline

» Timeline of field and growth of STR use
* STR characteristics and biology
* STR core loci and commonly used kits

» Biology of STRs: Stutter, microvariants,
null alleles

* Multiplex Kits

\

National Commission on the __ £
Future of DNA Evidence &=

*Report published in Nov 2000

*Askedto estimate where DNA
testingwould be 2, 5, and 10 years
into the future

Conclusions
STR typing is here to
stay for a few years
because of DNA
databases that have
grown to contain
millions of profiles

hitp:/fwww.ojp.usdoj.gov/ni/ pubs-sum/183697.htm
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Advantages for STR Markers

« Small product sizes are generally compatible with
degraded DNA and PCR enables recovery of
information from small amounts of material

« Multiplex amplification with fluorescence detection
enables high power of discrimination in a single test

« Commercially available in an easy to use kit format

« Uniform set of core STR loci provide capability for
national and international sharing of criminal DNA
profiles

STR Biology

Short Tandem Repeat (STR) Markers

An accordion-like DNA sequence that occurs between genes
TCCCAAGCTCTTCCTCTTCCCTAGATCAATACAGACAGAAGACA
GGTGGATAGATAGATAGATAGATAGATAGATAGATAGATAGATA
GATAGATATCATTGAAAGACAAAACAGAGATGGATGATAGATACA
TGCTIACAGATGCACAC

=12 GATA repeats (“12” is all that is reported)

—> T7repeats -~
—> 8repeats -~
— 9repeats -
— 10 repeats .. The number of consecutive repeat
— 11 repeats « units can vary between people
— 12 repeats -
— 13repeals -—

|

Target region

(short tandem repeat)

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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The polymerase chain reaction (PCR) is used to
amplify STR regions and label the amplicons with
fluorescent dyes using locus-specific primers
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Types of STR Repeat Units

Requires size based DNA separation to
resolve different alleles from one another

+ Dinucleotide (CA)(CA)(CA)(CA)

» Trinucleotide (GCC)(GCC)(GCC)

» Tetranucleotide (AATG)(AATG)(AATG)
» Pentanucleotide (AGAAA)(AGAAA)

» Hexanucleotide (AGTACA)(AGTACA)

Short tandem repeat (STR) = microsatellite
=simple sequencerepeat (SSR)

Categories for STR Markers

Category Example Repeat 13 CODIS Loci
Structure

Simple repeats — contain
units of identical length and
sequence

(GATA)(GATA)(GATA)

TPOX, CSF1PO,
D5S818, D13S317,
D16S539

Simple repeats with
non-consensus alleles
(e.g., THO1 9.3)

(GATA)(GAT-)(GATA)

THO1, D18S51, D7S820

Compound repeats —
comprise two or more
adjacent simple repeats

(GATA)(GATA)(GACA)

VWA, FGA, D3S1358,
D8S1179

Complex repeats —
contain several repeat
blocks of variable unit length

(GATA)(GACA)(CA)(CATA)

D21S11

These categories were first described by Urquhart et al. (1994) Int. J. Legal Med. 107:13-20

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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How many STRs in the human
genome?

The efforts of the Human Genome Project have increased
knowledge regarding the human genome, and hence there are
many more STR loci available now than there were 10 years
ago when the 13 CODIS core loci were selected.

* Morethan 20,000 tetranucleotide STR loci have been

characterized in the human genome (colins et al. An exhaustive DNA
micro-satellite map of the human genome using high performance computing. Genomics
2003;82:10-19)

« There may be more than a million STR loci present depending

on how they are counted (Ellegren H. Microsatelites: simple sequences with
complex evolution. Nature Rev Genet 2004;5:435-445)

« STR sequences accountfor approximately 3% of the total
human genome (Lander et al. Initial sequencing and analysis of the human genome.
Nature 2001;409:860-921).

Butler, J.M. (2006) Genetics and genomics of core STR loci used in human identity testing. J. Forensic Sci., 51(2): 253-265.

Multiplex PCR

(Parallel Sample Processing)

Compatible primers are the key
T 11 — to successful multiplex PCR
S B

——
—
— + STRkits are commercially
. available
T T 1 —
» 150r more STR loci can be
- e I simultaneously amplified
en DD e TS FOA Challenges to Multiplexing
| U . C =primer design to find compatible
1L LN h ﬁ i primers (no program exists)

=reaction optimization is highly
empirical often taking months
Advantages of MultiplexPCR
—Increases information obtained per unit time (increases power of discrimination)
—Reduces labor to obtain results
—Reduces template required (smaller sample consumed)

Information s tied together with multiplexPCR and data analysis

L 4' |f| o
bl I % 4 Ejj g W
D8S1179 D21511 75820
|
i
D351358 Hol D13S317 -
1] .
[ 41 ] & =
D19S433 VWA D18S51

D5S818

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Companies Supply Allelic Ladders in STR Kits
to Aid Interlaboratory Consistency
Profller Plus kit allelic ladders (Applled Blosystems)
= Dsswss L T I T A A T
-
EIIC_EIEI‘ﬁEIIZI lé_gl
AMEL D8S1179 D211 D18S51
ENTIIITTIIT Iasashastatant - =
[ uu ué%luj__l %i o (=] T
D5S818 D13S317 D7S820
T TVTE YT R -
— A
1 J | | | I
* GS500 ROX internal standard

Biological “Artifacts” of STR Markers

Stutter Products

* Non-template nucleotide addition
* Microvariants

Tri-allelic patterns

Null alleles

* Mutations

Stutter Products

« Peaks that show up primarily one repeat less than the true allele
as a result of strand slippage during DNA synthesis

« Stutteris less pronounced with larger repeat unit sizes
(dinucleotides > tri- > tetra- > penta-)

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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YCAII

Types of STR Repeat Units

1
|
~45%|
i J

nt

Requires size based DNA separation to
resolve different alleles from one another

DYS448

Highstiter o pinucleotide  (CA)(CA)(CA)(CA)

Trinucleotide (GCC)(GCC)(GCC)
Tetranucleotide (AATG)(AATG)(AATG)
» Pentanucleotide (AGAAA)(AGAAA)

towsuter 4 Hexanucleotide (AGTACA)(AGTACA)

Short tandem repeat (STR) = microsatellite

<2%

=simple sequence repeat (SSR)

June 27-28, 2012

Stutter Products

+ Peaks that show up primarily one repeat less than the
true allele as a result of strand slippage during DNA
synthesis

Stutter is less pronounced with larger repeat unit sizes
(dinucleotides > tri- > tetra- > penta-)

« Longer repeat regions generate more stutter

« Each successive stutter product is less intense
(allele > repeat-1 > repeat-2)

Stutter peaks make mixture analysis more difficult

STR Alleles with Stutter Products

DNA Size (bp)

Relative Fluorescence Units

= 150 178 200 225 250 E 200
5000 D8S1179
4000 D21S11 D18S51
Allele
3000,
Stutter
2000 Product
6.3% 6.2% 5.4%
1000_| \ \ \
o

Figure 6.1, J.M. Butler (2005) Forensic DNA Typing, 21 Edition © 2005 Elsevier Academic Press

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Slipped Strand Mispairing Model

Tag DNA Polymerase has extended through 4 repeat units

Slipped Strand Mispairing Model

Taq has fallen off allowing the two strands to breathe apart.

Slipped Strand Mispairing Model

When the two strands re-anneal the template (bottom) strand has looped
outand the extending strand aligns out-of-register by one repeat unit.

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Slipped Strand Mispairing Model

The newly completed strand contains only 7 repeat units, while the
template strand has the original 8 repeat units.

Stutter Product Formation

Repeat unit bulges out when strand breathing occurs during replication

True allele
(tetranucleotide repeat)

Typically 5-15% of true
allele in tetranucleotide
repeats STR loci

Occurs less frequently

n-4 (typically <2%) — often
stutter n+4 down in the “noise”
product SWer — depending on sensitivity

product

Deletion caused by slippage Insertion caused by slippage
on the copied (bottom) strand of the copying (top) strand

1 2 3 5 ’
5 (B2
2

s 5
s e e hylen e
55 .

4 1 3

N

Non-Template Addition

« Taq polymerase will often add an extra nucleotide to the end of a
PCR product; most often an “A” (termed “adenylation”)

« Dependent on 5-end of the reverse primer; a “G” can be put at
the end of a primer to promote non-template addition

« Can be enhanced with extension soak at the end of the PCR cycle
(e.g., 15-45 min @ 60 or 72 °C) — to give polymerase more time

« Excess amounts of DNA template in the PCR reaction can result in

incomplete adenylation (not enough polymerase to go around) :‘;e"nw;':;f‘

Best if there is NOT a mixture of “+/- A” peaks
(desirable to have full adenylation to avoid split peaks) ”

e

D8S1179

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Impact of the 5’ Nucleotide
on Non-Template Addition

5-ACAAG...
+A +A
Last Base for Primer
Opposite Dye Label
(PCR conditions are the same
forthese two samples)
+A +A ,
5-CCAAG...

Promega includes an ATT
sequence on the 5’-end of many
of their unlabeled PP16 primers

172313 |[182.06 to promote adenylation

see Krenke et al. (2002) J. Forensic Sci
17324 (18317 47(4): 713-785
http:

. nist. htm

Higher Levels of DNA Lead to
Incomplete Adenylation

DNA Size (bp)
ﬂL{szu 130 40 S0 {60 170 {80 {90 200 20 220 240
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Figure 6.5, J.M. Butler (2005) Forensic DNA Typing, 21 Edition © 2005 Elsevier Academic Press

Impact of DNA Amount into PCR

Reason that DNA Quantitation is Important Prior to Multiplex Amplification
Generally 0.5 — 2.0 ng DNA
template is best for STR kits
+ Too little DNA
— Heterozygote peak imbalance

Too much DNA
— Off-scale peaks
— Splitpeaks (+/-A)

L to-l imbal — Allele drop-out

- -1O-| m N .

ocus-to-ocusimbalance — Locus-to-locus imbalance
DNA Size (bp)

Bz 1= 140 DNA Size (bp)

so00 — 7z ——
] 100 pg J\
4000 template ——i——A

10 ng template besal

1 overloaded
4 L {oerended 5pg Jl ( ) E::‘;
template e o
goog | DBS1358 P i

4000 _|
2000 2 ng template
o] (suggested level)

Relative Fluorescence (RFUs)
o

levels of DNA produces allele dropout

Stochastic effect when amplifying low |

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Microvariant “Off-Ladder” Alleles

June 27-28, 2012

« Defined as alleles that are not exact multiples of the basic
repeat motif or sequence variants of the repeat motif or both

« Alleles with partial repeat units are designated by the number
of full repeats and then a decimal point followed by the

number of bases in the partial repeat (Bar et al. Int. J. Legal
Med. 1994, 107:159-160)

« Example: THO1 9.3 allele: [TCAT], -CAT [TCAT]s

G 5 3 0 G S 0 S
i|||n

fm'w” WKJIS"‘IIWFM .Hl“llf \I b Mlm il "'ynl. ﬂ "HH ‘Unl f

1 |t\I\H'

Deletion of T

x_._l(

An Example of an “Off-Ladder”
Microvariant at the Yfiler Locus DYS635

245 280 255 260 265 70 275 260

[ OV 5655 |
201 Iadder_Fun 3101153 1 Tellow ladder )
! 1500 | Allele 22 bin
: oo | 25875 +/- 0.5
; | =258251t0
S8
258 .75 -
[ OV 5635 Missing T
£04_WAZE3TE_Run 31 Z1=a I Yellow We93z | 1 e 1T AT CT A Allele 21.3
1 z000 257.84
1000 (-0.41 from bin)
A41_ZT80826_Fun_31. .1 fsa 1 Yellow ZTB0E2S
2000
2000
1000
P

[TCTAJ(TGTA),[TCTA](TGTA),[TCTA],(TGTA),[TCTA]s TC-A [TCTA],

Tri-Allele Patterns

Clayton et al. (2004) A genetic basis for anomalous band patterns encountered
during DNA STR profiling. J Forensic Sci. 49(6):1207-1214

D18S51 TPOX D21S11

‘
‘

“Type 1” “Type 2”

Sum of heights of

two of the peaks is Balanced peak

equal to the third heights
Mostcommonin Mostcommonin
D18S51 TPOX and D21S11

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Tri-Allelic Patterns

* Tri-alleles are Copy Number Variants (CNVSs) in
the human genome detected as three peaks at a
single locus rather than the expected single
(homozygous) or double (heterozygous) peak

ab .
TPOX
(at+b=c) (a=b=c)
Type 1l Type 2
Sum of peak heights for Fairly balanced peak
two alleles is almost heights are observed

equal to the third allele

June 27-28, 2012

Slide from Steven Myers, CADOJ  Data from Missouri Highway Patrol DNA Lab

Frequency of Tri-Allelic Patterns

Locus Observations 1 in...
- Database Size: D3S1358 : 35,000
VWA 10 6,900
69,000 FGA 11 6.300
DSS1179 2 35,000
» Overall Average D21S11 5 2200
Occurrence: D18851 3 23,000
. DsS818 1 69,000
1in 1,000 D138317 4 17.000
D7S820 0
Note: D16S539 3 23,000
Thisis Steven’s THO )
summary - = =00
of Missouri’s data. Tl OX 9 -700
This table is not on CSFI1PO 1 69,000
STRBase Penta D 3 23,000
Penta E 10 6,900
Combined 68 1,000

How Do You Characterize Your Tri-Allelic Patterns?

Identifiler PowerPlex 16 HS

200

DES1ITS | [DEIS1I
130 in

150 170 191 210

25is
missing

Goh-

A A
1008 200
243

Check STRBase...
It has never been

You re-amplify it...

It’s Reproducible!
P observed before!
A New Large D8S1179 TPOX
Allele is Discovered— 220

with “24” repeats! EROE T
(sequence analysis shows missing
duplication in flanking region) A

2302

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Allele Promega ABI Repeal Structure Reference
D8S1179 (repearsy PowerPlex1s _identifiler [TCTR],
i 6 199 bp 119bp _ Not published STRBase
All Previously 7 203 bp 123bp”" [TCTA} Giifths et al. (1998)
Known Alleles 8 207 bp 1270p  [TCTAl Barber and Parkin (1996)
9 211 bp i31bp  [TCTAl Barber and Parkin (1996)
10 215bp 135bp  [TCTAL, Barber and Parkin (1996)
101 216 bp. 136bp  Not published STRBase
102 2170p 137bp ot published STRBase
1 719 bp 139bp  [TCTAl, Barber and Parkin (1996)
12 223bp 143bp  [TCTAL, Barber and Parkin (1996)
121 224bp 144bp  Not published STRBase
122 225 by 145bp ot published STRBase
Many alleles 123 226 bz 146 bz Not gubhshed STRBase
sequences 13(a) 227bp 147 bp 6)
are not 13 (b) 227bp 147bp [ [TCTAL[TCTGLTCTAL,s Kline et al. (2010)
are 13(c) 227bp 147bp | [TCTAL[TCTGLTGTATCTA,  Kline et al. (2010)
known 13 (d) 227bp 147bp |_[TCTA}5 Kline et al. (2010)
131 228 bp 148 bp Jot published TRBase
132 229bp 149bp  Not published STRBase
123 230 bp 150bp ot published STRBase
14 231bp 151bp  [TCTAL[TCTG)[TCTA],; Barber and Parkin (1996)
141 232 bp 152bp  Not published STRBase
142 233bp 153bp  Not published STRBase
We just set the 15 235 bp 155bp  [TCTAL[TCTG],[TCTA],, Barber and Parkin (1996)
new world record 151 236 bp 156bp  Not published STRBase
152 2:7bp 157bp  Not published STRBase
for the largest D8 153 2380 158bp  Not published STRBase
24 16 239 bp. 159bp  [TCTAL[TCTGLTCTALs Barber and Parkin (1996)
allele (24) 161 240 bp 160bp  Not published
17 243 bp 163bp  [TCTAL[TCTGL[TCTA]; Barber and Parkin (1996)
17.1 244 bp 164bp  Not published
17.2 245 bp 1e5bp  Not published
18 247 bp 16740 [TCTAL[TCTG),[TCTA)5 Barber and Parkin (1996)
19 251 bp 171bp.. [TCTAL[TCTGL[TCTAL Griffiths et al. (1998)
20 255 bp 175bp  Not published STRBase

12 repeats

A

!
I
i

D8S1179 12,“24”

ol
\vM‘ | wr (W” \1" WNW ‘W‘/N 1,‘\r’,%\,‘ﬂ “'

Ll
e

Allele 12 : [TCTA], TCTG [TCTA],

Allele “24” : [rcTal, TCTG [TCTAl duplication of the 48 bases
10 bases downstream of the repeat

Duplicated 48 bases

NGM SElect

0

Result with This Large D8S1179 Allele
Using European STR Kits

PP ESX 17 PP ESI 17
VL [ —

No extra peak

] 27
165.23| [197.32)

False D21S11 tri-allele

False FGA tri-allele

Reverse primer internal to
duplicated flanking region

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm

June 27-28, 2012
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Recommendations for Tri-Allelic Patterns

* Re-injecting a sample with the same STR kit
does not help answer the question

* Run adifferent STR kit with loci in different
configurations

 This duplicate testing will help confirm that you
have a true tri-allele rather than an extremely
small or large allele that is out of the STR kit
defined allele bins for a locus

» Recording tri-allelic patterns correctly
improves database searching comparability
when states are using different STR kits

Tale of a Large D3S1358 Allele

Appearance in each kit

SGM Plus D3S1358 D3:16,16 VWA: OL, 17, 18 (tri-allele?)
ESX 17 D3S1358 D3:16,16 THOL: OL, 9, 9.3 (tri-allele?)
ESI17 D351358 D3:16,16 D19: OL, 13, 14 (tri-allele?)
NGM H351358 D3:1616  D1:9, 16, 17 (ri-allele?)

22 repeats from sequence analysis
TCTA(TCTG); (TCTA), TCTG (TCTA);5

D3S1358 Allele 22

Initially measured as 22.1 or 22.2

Raziel et al. (2012) FS| Genetics 6: 108-112

Variant STR Allele Sequencing - Y

Main Points:
+ STRallele sequencing has been provided free to the
community for the past ten years thanks to NIJ-funding
« Article provides primer sequences (outside of all known kit
primers) for 23 autosomal STRs & 17 Y-STRs and full protocol
for gel separations and sequencing reactions
— 111 normal and variant alleles sequenced (at 19 STR & 4 Y-STRs)
— 17 null alleles sequenced (with impact on various STR kit primers)

S

Margaret Kline

STR sequence analysis for characterizing normal, variant, and null alleles

Margaret €. Kline ", Carolyn R. Hill, Amy £ Dec

Presentations/Publications:
FSI Genetics article (Aug 2011) and numerous talks

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
14
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Sequencing Variant Alleles

» “Off-ladder” variants, null alleles, or any other
“odd” result seen in datasets
» Sample sequencing free of charge
— NIJ funds this work
— 10 ng genomic DNA sample requirement with an
electropherogram of the result and specified marker
in question
» Results provided to customer and listed on
STRBase:

| http://www.cstl.nist.gov/biotech/strbase/STRseq.htm

Sequencing Individual
Heterozygous (DYS385) Alleles

SVCEYY VY YV STV VY VY VY VY IV VY TV TV JT
Sio pi Fi13

I Pl 280

Gel separation M Siap ooy gy n

12 GAAArepeats
Excision of bands
3:‘%0 3"40 CL’LD 36‘0 3';0 Jén 350

’ 45 fellow SRM A
] ™ I kmn
W

. Y-PLEX™ 6 results

15 GAAArepeats
¥ FYV. FYT T TP FIV) IYV IVV TIE FEY. H¥D

1

coferadaiadoeadoande

u £l zm

Wneop /oo oo e oo Moo

Kline, M.C., Hill, C.R., Decker, A.E., Butler, J.M. (2011) STR sequence analysis for characterizing normal,
variant, and null alleles. Forensic Sci. Int. Genet. 5(4): 329-332

Example: Mother/Child Samples Identifiler typing

% 355818 ] [EGA FGA

a0 0 AW a0 20 za zE o7

MC
“TT 1L ] 1 chid] S 23
g
B [ i i 13
2{]77 “OL“ FGA géw

D5
MC

[DESATE 1 1 [FEE
100 120 140 180 RE 200 220 11 11

240
00,
zwu% A ﬂ I Il Mother 7
X 11 N N
3223 m Gel image with
[ 11 [z ncin
sequencing

primer PCR
products
“OL” allele present for both mother and child between FGA and D5S818
with a weak “11” allele at D5S818
Jiang, W., Kline, M., Hu, P., Wang, Y. (2011) Identification of dual false indirect exclusions on the D5S818 and

FGA loci. Le% Medicine 13: 30-34

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Powerplex 16 results

B rml DI ] P Eme—— pe b
mi X i % il M Mother
D5S818: 11,11
B i i % FGA: OL,22
= e L :Wm -
/ “OL” allele is now
= 1 A ! | | | between FGA and
i G TPOX and the Child
e =z 2 “11” allele is strong
‘ | I A | il ‘ Child
B B i ERe D5S818: 7,11
= e FGA: OL,23
= - .
L OV I, g \

June 27-28, 2012

D5S818 Mother-Child

[AGAT],

ATTTTEAE GATA GATA GATAGATA GATA GATAGAT ————————————————

[AGAT],, : Child
lmhhﬁ!,m“ﬁlﬂlillllllltllll“iilllll__llluallt.mlull 1

llllllllllllllllllllll'
[AGAT],, Mother

h,l,l.m_thllll AL llltlll“llhll

ATTT TG GATAGATAGATAGLTAGATAGATAGATAGLTAGATAGATAGLTRGAGGTATALLTALGGL,

Child types as 7,11 with Powerplex 16 primers
Mother types as 11,11 with Powerplex 16 primers
Both types confirmed by sequencing

D5S818 Mother-Child

\ [AGAT];

AAAAAAAAAAAAAAAAAAAAAAAAA

i

sssssssssssssssssssss

%g

|| oA,
\
i

Child has a null 11 allele with Identifiler primers,
G—T SNP was found 55 bp downstream from the repeat.

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Child - FGA 13,23

13 Allele [TTTCl; TTTTTTCT[CTTT]s CTCC [TTCC],

TATTTCTTTCTTTCTITTTTCTCTITCTITCTTTCTTTCTT

LA A A A A A A A

TA§TTTCTTTCTTTCTTTTTTCTCTTTCTTTCTT T CTTTCTTICTTIC T TCTTTCTTICTTTCTTICTTIETTTCTTTCTTTCTCCTTCCTIC TTCTTCCTTIC

—T 23 Allele [TTTC], TTTTTTCT [CTTT],5 CTCC [TTCC],

Powerplex 16 Ladder for FGA ends at 16 allele

Note:  When running Identifiler the 13 allele is not annotated
With PP 16 the 13 allele is noted as “OL".

Mother - FGA 13,22

13 Allele [TTTCJ; TTTT TTCT [CTTT]s CTCC [TTCC],

———————————————————————————————————— CTC mcmcc@mccmcm‘mm

T e O

CTTCTTICTTTCTTTTTTCTCTITCTTICTITCTTICTITCTTICTTTCTTICTTTCTITCTTTCTITCTTTETITCTCCTICCTTCE]

A

22 Allele [TTTC], TTTT TTCT [CTTT],, CTCC [TTCC],

Powerplex 16 Ladder for FGA ends at 16 allele

Tri-Alleles Cataloged in STRBase

http:/www.cstl.nist.gov/biotech/strbase/tri_tab.htm

Core STR Loci (220)

CSFIPO (8)
2)

Penta D (12)
Penta E (14)
FI3A01

FESFPS (1)

DYS448 (1)

D21SI1 (23) DYS436 (1)
DYS438
T ke DYS635/GATA-C4
Tor © Y-GATA-H4
1 T 7 Ylon TR
N [1] 313 total as of 04/12

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Variant Alleles Cataloged in STRBase

June 27-28, 2012

http://www.cstl.nist.gov/biotech/strbase/var_tab.htm

Core STR Loci (403) Other Common STR Loci (170) Y-STR Leoci (64)
« CSFIPO (22)

« DES1043
« F13A01(2)

+ DISLST? (1)
638 total

as of 04/12

Null Alleles

 Allele is present in the DNA sample but fails to be
amplified due to a nucleotide change in a primer
binding site

+ Allele dropout is a problem because a heterozygous

sample appears falsely as a homozygote

» Two PCR primer sets can yield different results on

samples originating from the same source

* This phenomenon impacts DNA databases

+ Large concordance studies are typically performed prior
to use of new STR kits

For more information, see J.M. Butler (2005) Forensic DNA Typing, 2" Edition, pp. 133-138

Impact of DNA Sequence Variation
in the PCR Primer Binding Site

Heterozygous alleles
are well balanced
6 8 No mutation
o o e e o e e —
Imbalance in allele Mutation in
peakheights middle of primer
— T — 6 s binding site
8 : ,
z — Mutation at 3’-end of
oI
| .. M primer binding site
— e o o o e e ~— - (allele dropout)
Allele 6 amplicon
has “dropped out”

Butler, J.M. (2005) Forensic DNA Typing, 2 Edition, Figure 6.9, ©Elsevier Academic Press

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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PowerPlex16

A

Identifiler

(el

Allele 18 drops out

D18S51 Null Allele from Kuwait Samples with ABI Primers

=
e
=
D

| 172 bp downstream of STR repeat (G>A) |

Reverse sequence

10 nt from

CoT

3end

10 nucleotides from 3’end of
1 ABI D18-R primer (PowerPlex 16
| primers are not impacted)

Clayton et al. (2004) Primer binding site mutations affecting the typing of STR loci
contained within the AMPFISTR SGM Plus kit. Forensic Sci Int. 139(2-3): 255-259

June 27-28, 2012

2 7w s w0’ s "o e "hio"ws s Peak Height Ratios
05318 ]
ISampe 10Ttz O Be D5210
2000
2000 93.1%
1000
= 55
25ample 12/1101 fsa 7 Bue D5210
/ o000
4000 45.7%
2000
SSampl121201 f53 13 Bke DS 207
000
2000 48.7%
2000
1000
B @
10Sampe 121201453 16 Bue 05275

n 1/ . 696%
RN

[DBSIT

W w

J ]

“Apparent” Homozygote — note peak height is similar to heterozygote

Null Allele

LI

|

o1

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Concordance between STR primer
sets is important for DNA databases

PowerPlex 16 DNA
Database

I

Profiler Plus Searchresults in a false
negative (miss samples that
should match)

Allele Dropout Reduced match

stringency is a
common solution

e.g., VWA

Mutation Observed in Family Trio

father mother

Normal Transmission of Alleles Paternal Mutation
(No Mutation)

J.M. Butler (2005) Forensic DNA Typing, 2" Edition

STR Measured Mutation Rates hitp://www.cstl nist govibiotech/strbase/mutation. htm

Apparent Mutations Observed at STR Loci n the Conrse of Paternity Testing™

STR | MatemMeows | PusMoosss | Nosber | ToraNusberof | Mutaion
Sysem ) E] fomeitr | Mo | Rate
CEPO | mmenon | sesusaiy | a0 | s | ode
v s (630 ool = 0.32%
et | mLmoms | aezmoms | % | o< | oot
(3]
TPox | wsiomo | swmamcsn | x| wenan | 0ot -
o Maternal = 0.05%
0 | wn | sesmen | emmmom | e | semans | ot
o .
psus | masaneny | Issssl w | e | 0% i i
o " o 6.4-fold increase in males
O | s | wemony | meseen | w | s | ot
O | pssun | swmwzsom | mawssole 1 1290035 | 0.14%
™
O | oss | semmion | wwemwen | s | s | o
DS | mAAOm | Sowason | w1 | samm | ot
iS5t | mmcmeny | Lwaesmenz | @ | emese | 022%
Wi | ey | mosmseny | | 1sesass | 019%
Porad | wiemies | amwiem | mam | ous
Pewaf | BEHOW) | OB | B | wmm | 0te%
wsum | vmmomn | sammwown | w | wans | oz
b | mmoiesy | mmeoms | n | mwmes | o
Sn | vmem | Someo0ns | e | S0550 | osd
nCToR) gt

“Dsta e ith perwission rom At i of Blood Baske (4 ABF) 203 Anna Bepat
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Summary of STR Mutations

Mutations impact paternity testing and
missing persons investigations but not
forensic direct evidence-suspect matches...

Mutations happen and need to be considered

* Usually 1 in ~1000 meioses

+ Paternal normally higher than maternal

* VWA, FGA, and D18S51 have highest levels

+ THO1, TPOX, and D16S539 have lowest levels

Value of STR Kits

Advantages

* Quality control of materials is in the hands of the
manufacturer (saves time for the end-user)

» Improves consistency in results across laboratories —
same allelic ladders used

« Common loci and PCR conditions used — aids DNA
databasing efforts

« Simpler for the user to obtain results

Disadvantages

« Contents may not be completely known to the user
(e.g., primer sequences)

« Higher cost to obtain results

What is Being Measured with STR
Alleles during CE Separation

» Mobility of a PCR product with a fluorescent tag is being
measured

Mobility is the time it takes for the DNA molecule to
move from the injection point to the detection point
Mobility modifiers are used in some ABI STR kits

— Identifiler has five loci with mobility modifiers

Color-separated
Raw Data Time Points DNA “Sizes” STRAlleles Genotype

AL L[l L e

) o Mobility relative to an
Scan numbers Scan numbers (ool cioe standard Repeat number

Sizing

Color separation
Allele Calling
Interpretation

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Mobility Modifiers Permit Shifting Allele Sizes
without Changing Primer Binding Sites

Size overlap
(a) COfiler™ kit
allele relative size ranges 6 CSF1PO 15
JOE-labeled (green)
279.65 bp 317.67 bp
6 D7S820 15 | fluorescent dye
A
NED-labeled (yellow) 4 > primer sequence
256.01 bp 292.62 bp < ——
linkers
(mobility modifiers)
LM L
(b) I(I?(Iamllﬂl‘er X kit 10 non-nucleotide linkers
ti .
allele relative size ranges ~ +25 bp Shlﬁ
6 D7S820 15 6 CSF1PO 15
I ] 1 ]
" "6FAM-labeled (blue) 1 I 6FAM-labeled (blue) !
255.15 bp 291.58 bp 304.69 bp 341.84 bp

To Avoid Overlapping PCR Product Size Ranges
with STR Loci in the Same Dye Channel

+ Applied Biosystems Strategy
— Maintains primer sequences (except MiniFiler & NGM kits)
— Utilizes mobility modifiers or additional dyes, no primer redesign
is necessary
— Enables comparison to legacy data with earlier kits but null
alleles may go undetected with the potential for incorrect
genotypes within data sets

* Promega Corporation Strategy
— Moves primer sequences to change PCR product size ranges
— Primerredesign can be difficult, but can be moved from primer-
binding-site mutations
— Requires concordance studies to check for potential allele
dropout

Forensic DNA Issues

» Dye Blobs

e Pullup

» Degraded DNA
* PCR Inhibition
+ Contamination
* Mixed samples

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Primer Synthesis and Dye Blobs

« Oligonucleotide primers are synthesized from a 3'-to-5’
direction on solid-phase supports using phosphoramidite
chemistry

« The fluorescent dye is attached at 5’end of the primer (it is the
last component added)

« The coupling reaction at each step of primer synthesis is not
100%, which can lead to some minor level impurities

« Left-over dye molecules that are not removed by post-
synthesis purification can be carried through the PCR
amplification step and injected onto the capillary to produce
“dye blobs” or “dye artifacts” in CE electropherograms (wider
than true allele peaks)

Dye Blob Removal

Residual dye artifacts Dye blob removal with Edge columns
W m w m m m m m m @ w w w m w m wm @
B L]
b 6FAM e,
301 439 3801
e R l 439 38911 (blue)| | ==, 3891 438
- 389l o 437
- e 2 T |
al L | R
™ 1 vic e ver o 385 alb
= L l s l ‘ green)| [ 426 393 4
Al i :
R NED e 392
s 92 1m0 19
o Um e ml 19 (vellow)| %84 460 H4 388 '
- @
M | ) )
e PET 10w
s e (Red)| 1 ar s
= aas © |
ol am. I v — . | -
- -
- .m
- av |
ol | 1 | B

c DNATyping P

PCR Artifacts — Pull Up
With degraded DNA two injections may be necessary to keep data on-scale
et o
Jeo = 100 10 - 100 =]

= <+—— Oversaturation

E ) .

- \ |

. wL, ,‘Jﬁ ,7;} | W
::n K ﬂ&/ “Pull up”

5 L/

/) | | |

o = g\fLA;L | J \ ’f
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(Review) 5-FAM JOE NED ROX

Normalized Fluorescent Intensity

520 540 560 580 600 620 640
WAVELENGTH (nm)

310 Filter Set F

Laser excitation with color contributions
(488, 514.5 nm)

Figure 13.4, J.M. Butler (2005) Forensic DNA Typing, 21 Edition © 2005 Elsevier Academic Press

Degradation and PCR Inhibition

« Degradation affects larger alleles more, however there is no published
study on the “threshold at which degradation is apparent”

The amplification efficiency of each set of alleles varies
independently and differential amplification across loci can occur —
Moretti, JFS 2001

- Low quality formamide can mimic the degradation effect

Inhibition generally affects certain loci more than others and may
or may not produce a slope effect- McCord, unpublished

There are several likely mechanisms for inhibition including DNA
aggregation, Protein-DNA binding, chelation of Mg, interference
with primer binding, etc.

DNA Degradation

50 5

Non-degraded Positive Control

10
2600 20 pg/uL (0.250 ng/12.5 pL)
2000 _|
1500 _|
w000 _|
TN

o .
2000 _|
2600 | Degraded Bone Sample
2000 | 20 pg/pL(0.250 ng/ 12.5 L)
1500 _|
w000 _|
™

o M L h Wk
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Degraded and inhibited bone sample
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Non-DNA
Contamination/Inhibition

» Anything that is water soluble may co-extract with DNA
unless a capture technique is used.

 For capture techniques anything with a similar chemical
property to DNA may co-extract

» Detergents, metal ions, humic substances are all potent
contaminant/inhibitors

+ Can cause all sorts of strange effects including

— Spikes, dye blobs, elevated baselines, loss of signal, odd current
effects

Inhibition vs. Degradation

Will often give a similar profile.

« If a sample is inhibited — diluting the sample can
often increase PCR amplification success.

» For a degraded sample, potentially use
miniSTRs or LCN.

http://mww.cstl.nist.gov/strbase/training/Copenhagen2012-STR-Workshop.htm
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Contamination/Mixtures: Issues and
Challenges

From J.M. Butler (2005) Forensic DNA Typing, 2" Edition, p. 155

« The probability that a mixture will be detected improves with the use
of more loci and genetic markers that have a high incidence of
heterozygotes.

« The detectability of multiple DNA sources in a single sample relates
to the ratio of DNA present from each source, the specific
combinations of genotypes, and the total amount of DNA amplified.

+ Some mixtures will not be as easily detectable as other mixtures.

351858 [ THO! | 135317 1 165638 ][ 0251838 |

MEDSease|_evidenoe fsa 3 Green MG § Mixture?

Mixture Mixture? Mixture Mixture s000
om0
l I | \ | -
[ g
i
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Thank you for your attention
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